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Constraints on General SU(2)y x SU(2)g x U(1) Electroweak
Models from Nuclear Beta Decay

Peter Herczeg
Los Alamos National Laboratory
Los Alamos, New Mexico R7545, U.S.A.

1. Introduction

The minimal standard model of the electroveak interactions is consistent with
all available data. Nuclear R-decay experiments contr!%wute to this conclusion
through the absence of evidence for deviations from the V-A structure of the
underlying charged-current quark-lepton interaction [1]). New contributions to the
R-decay interaction are expected at some level in many extensions of the minimal
standard model, motivated by the problems and the shortcomings of the latter.

An attractive clasgc of extensions of the minimal standard wmodel, which sheds
a new light on the apparent V-A structure of the charged-current weak inter-
actions, is the class of left-right symmetric models based on the gauge group
SU(2)y » SU(2)g x U(1) [2]. A characteristic feature of these models is the
presence of right-handed charged currents, Among the sensitive probes of right-
handed currents are some observables in nuclear beta decay. Except for the time-
reversal odd correlatfon [3,4]) <3>-$ xP (3 = nuclear spin) and some preliminary
remarks on e* polarization [4], the fnpricationl of the corresponding measurements
have been considered [5-9] so far only for models with manifest left-right
syzmetry [5]) and no mixing in the leptonic sector. Here we shall analyze the
implications of beta-decay experiments for more general versions of
SU(2)g x SU(2)g x U(]l) models, including the most general one wvhich allows for
CP-violation, unequal left- and right-handed quark mixing ang'es, and mixing in
the leptonic sector. For each scenario we shall compare the constraints on the
pertinent parameters from beta-decay measurements with the constraints provided cn
them by other data.

2. The Beta-Decay Intersction in SU(2); x SU(2)p x U(1) Models

In SU(2)p x SU(2)g x U(l) models there are two distinct charged gauge bOIon*
fields Wy and Wr. Their coupling to the fermions is described by the Lagrangian

L e ok g (Frouy + MO ot
v - ] (2.1)
+ 275 HR (PrRURN + N(O)TRVTE) + H.c. ,

where gy and gg are the gauge coupling constants, Ty = YX(l - Ys), TR F 7A(l + Ys)
(the Dirac indices have been suppressed), P z (u,c, ...), N £ (d,s, ...),

E = (e,5, ...), and N(O) = (¥1+V2, ¢es). Up, Ug and U, V are the quark and lepton
mixing matrices, respectively. The fields Wy and Wp are linear combinations of
the mass-eigenstates W) and Wy

Wy = cosgW; + singW,

1 (2.2)
WR = @ Y(-singW) + cosgW,;) ,

where ¢ is & mixing angle and w is a CP-violating phase.
The Hamiltonian responsible fur nuclear beta decay resulting from (2.1) 1s
given by

%A brief review of the relevanc aspects of SU(2); x SU(2)g x U(!) is contained in
Ref. 10.



(8) == (L) = =r o(R) =
;| L .LL[.er l.ll"Ld + "\RRCPRVe uer
v(L) =n y(R) = (2.3)
+ nmerL “rnd + hRLOI‘RV uTLd] + H.c. »

vhere vg ) . 40U ejVyr v(R - Iy V Assuming that nz/n can be neglected
relative to one and that tnnzz cnn ge naglected relative go n%/n%. the constants
&1L+ NRR» NLR» and np; are given by

&y " gEconzclamf

NpR * eia(gﬁmf/gfmg)cose¥lcossk : (2.4)
"R --ei(°+W)(c010¥/c0le&)(gRtnn:/gL)

TRL --e'i“’gntan:/sl_ ’

tre mj, By lRe the nassea of Wi, Wy, and a is a CP-violating phase from Up
Uyd = cosb8Y, Uyq = el %cosd}).

A Hamiltonian of the form (2.3) wvith arbitrary constants would be determined
by seven real parameters (four complex numbers minus an overall phase). In
SU(2)y, x SU(2)j x U(l) models the number of independent parameters is six, in view
of the relation npgnpr/|ngr|Ingel = nir/InLrl. One of these, associated with an
interference term between left-handed and right-handed leptonic currents, can
appear only through contributions proportional to the neutrino masses and will be
ignored in the following. As the neutrinos are not detected, the observed R-decay
probability is a sum of the probabilities of decays into energetically allowed
neutrino mass—-eigenstates., We shall assume in the following that the effects of
the masses of the neutrinos that can be produced i{n the decay can be neglected.
Tnking ll t e above_ into sc ount, the l1lowin -1: raneters available in

gc jasLl’ = 'LL'/-L n;.i = |nprlvV,, |nm7 ’ lﬂm.‘ f» nir and
. vhere ug = r- - I7 | 2,V = v u the summation is over
the neutrino ltntes proéuceé 1n tﬁe decay. Only five of the sbove parameters are
{ndependent, due to the mentioned relation.

For a measurenent to yield significant constraints on new interactiors the
expression for the chosen observable must be free of quantfties with large
theoretical uncertainties or experimentasl errors. This restricts the choice to
alloved decays. With the exception of the coefficient of the T-=odd correlation
<> 3 :i /E,.E (D-coefficient) we shall consider from these only pure transitions,
since genernlfy the ratio of the Gamow-Teller and Fermi matrix elements is not
known with sufficient accuracy (an exception is neutron decay, where the matrix
elenments are known exactly, and which provides the value of the axial-vector
coupling constant g,). For the D=coefficient, which vanishes (up to electro-
magnetic final-state effects) in the minimal standard model, the precise knowledge
of the nuclear matri slemcnts is not essential.

The parameter a{t appears only in the decay rate (in the 0l“ » Nls*ety
superallowved Fermi transition it is involved in the combination of parameters
which define Gcosf8_, where G is the u-dezay coupling constant). The normalized
spectrun depends only on the n,.“s. In pure transitions (ignoring recoil-order
terms, higher-forbidden contributions and electromagnetic effects) all the
observables (except for the rates) are either independent of the Ny’ or
proportional to the quantities.

T s R Sk
'l + ﬂLklz + 'nn)" n&ﬂz

Xy . l-2]n£§)+n§i)|2 (Ferni transitions) (2.5)

and

*Another case is !9Ne-decay (see B. R. Holstein and S. B. Treiman, Ref. 6), where
constraints can be obtained on manifestly symmetric 8U(2)p x SU(2)g x U(1) modeln
by eliminating the unknown matrix elements using other data.

n



| - 2 o | (e)a \e)2
' ng! I ni “RL] - l-2|“§i)-n§:n2 . (Gawow-Teller transitions)
[1 = nepl?+ In§;>-n§£"2 (2.6)

In both cases they are independent of the nuclear matrix elegents, t follows
ths *n{oswntion can be obtained only on the parameters |ni§ |y |n££ |, and
Reni n ddition. the D-coefficient provides inforwmation on

In(n R ELngi) CT-conserving observables in mixed transitions would be
generally leneitive allo to Renyp and |nypl.

RA-

3. Constraints from Beta-Decay Measurements

The average value of X\ from experimental results on Gamow-Teller transitions
is (7]

(’A)expt = 1.001 £ 0.012 ., (3.1)

A recent accufa“e measurement of the positron longitudinal polari{zation in a Fermi
transition (P = xv) yielded [9]

(xv)expt = 0.99 £ 0,04 . (3.2)

An approach followed in recent and in ongoing cxperipen&% [11] involves a
comparison of positron longitudinal polarizations (P in & Fermi and a
Gamow-Teller transition or ositrons of the same energy. The present
experimental result on P, /P is [9)

("E/BT ) qgpe = 0+986 £ 0,038 . (3.3)

The accuracy for (PF/PC‘)
wagnitude [11].

The experimental value of the D-coefficient from a recent experiment [13],
which hss the smallest error, is

expt is expected to be improved by 1-2 orders of

(D)prt = 0,0004 £ 0.000R (3.4)
o8 = nRET] < 0.085 and a4 mhE | < 0-18 . yielaing the bounds

|n&§)| < 0.13 for any Inﬁi)l and cos(a + w) , (3.%5)

|n&i)| < 0.13 for any |n£§)| and cos(a + w) . (3.6)
The result (3.3) implies the limit [note that (I-PF/PGT)/B . ch&ﬁ)n&t)*]

'Renbf)ndE’" | < 10=2 (902 confidence). (3.7)

A slightly better limit (|Rengk®)n&f)*| < 8 x 10=%) follows from (3.1) and (3.2).
The D=coefficient has been discussed prcvioualx in Refs. 3 and 4. Barring a
cancellation, tlie result (3.4) sets the constraints

|1mngpl € 2 x 1079 (3.8)
| tmngf®nfd?*| g 2 = 1073 | (3.9)

A, Constraints on the Beta-Decay Parameters from Other Sources

Anong other dats the most stringent constraints on the paraneters of
8U(2)y x SU(2)g x U(1) models come from muon-decay meisurements, and from data
which include some nonleptonic transitions. It should bde noted that the latter
are less reliable, in view of the uncertainties in calculations of nonleptonic

%A brief account of the conclusions regarding I"Ill’("r reported hare is given in
Ref. 12,

##ie note that |Imnff'nbf’*| < |Imnypl|, provided that sgnf/gimd < 1,



anplitudel. The implications of auon-decay data on the f-decay parameters depend
on wvhether vu is arditrary or vu -1, He ‘shall consider three classes of models,
distinguished by the values of 2 and V

(A) Models with v = 1., Examples are models where U = V (such as
Eﬁ(if""Eﬁ(fY""ﬁz ) godell with Dirac neutrinos and a discrete left-right
.ynmekry) 3 R V = ] also if all the neutrinos are sufficiently light to be
produced in B-decay. ~

Conctraints from u-decay. The u-decay Hamiltonian resulting from (2.1) is
given by

uv) . cLLliergL)3£L)rLu + KRRErR3£R)TRu

(4.1)
+ ‘LREergL)\-’\(JR)rR" + KRLEI' U(R)Gg!‘)rl‘u] + H,c.

wvhere v (L) (R) are dixinid ns v(L) (R) except {or e ¢ v, and L " aLL/cosﬂ%
¥R ™ “RR(°°’9 /cos® )t . e (cone /coael). and kpy = Ng;.

Since |COIB /cosa | S l. we have |n t: and

} ¢ |n ‘RL' 1 'KLR|. The bestnfimit on |: | from leptonic and
.en?leptonrc srocesses comes from the quantity R = ]| = 8EP /p, (8, E, and p are
the usual wmuon spectrum parameters), related to the end po!nt of the positron
spectrum in polarized muon decay. The present experimental limit implies
"RR' < 0,039, and therefore

In{®)] = |nggl € 0.039 . (4.2)
The best limit on |x,, | is provided by che experimental value of the p-parameter,
tmplying l‘RL' < 0. 055 so that

Ingt®)| = Ing | < 0.033 , (4.3)

Ingl € 0.023 ., (4.4)

The bounds (4.2) and (4.3) are to be c?mgaE: with the constraints (3.5) and

(3.6) Qptained from f-decay data. For |RenR§ MRL *I the bounds (4.2) and (4.3)
1np1y

IRenf8)nfe)*| < 1.3 % 1073, (4.5

to be compared with the bound (3.7) resulting from the direct measurement,

Constraints from information involving nonleptonic transitions. 1In models
where 6% = and there is no CP~violation (models with "manifest left-right
symmetry" ([5]) the K ~Kg mass difference Am, sets s limit [14)

Ing$®| = Inggl = mf/m3 < 3 x 10=2 (4.6)

on |“R§.)| (ve have set gp = as appropriate for such models), and an analysis of
nonleptonic K-decays yial&n [lk]

LIS v are defined as u_, V) eRcept for ¢ » y; V. =2 v /u .

an) otudy of the 1mp11cnttono for general SU(2), x gU(Z) x U(l) nodels of
measurements of the positron momentum spectrum end point 1n polarized n-decay,
which we use here, is given in Ref. 10.

#*tIngpaction shows that the constraint l“LR' < 0.033 fmproves the bound on KRR
from R only slightly.



Inggl = lel ¢ &4 x 108 . (4.7)

If CP-violation is present in the nonleptonic sector, but still ok - ol
(so=-called "poseudomanifest left-right symmetry"), the limit from Am, and the
CP-violating parameter ¢ imply again the bourd (4.6) [3,16]. The bound (4.7) is
aslso recovered, combining the liait from nonleptonic K-decays [now propsrtional to
cos(a + w)) with the limit (3.7) [proportional to sin(a + w)] (ser Ref. 10). From
(4.6) sand (4.7) one obtains the stringent bound

|Ren{E?*n{e)*| < 2 x 10-5 . ' (4.8)
For models where a} and SL are unrelated, the K° .+ ¥° saplitude sets no

constraints on npp Or « (see Ref. 10). The conatraints from nonleptonic
K~decays and the B—coef?¥cient takes the form

‘“LR' - |chcoae§/chose&| < 4 x 1073 (4.9)

Observing that “RR“;L = ¥pR"R* Ve obtain from the limit on |<RR| from R and from
(4.9) the bound

|Renggnp ] € 2 x 1074 . (4.10)

|Imn o| 48 constrained by the CP-violating parameter €¢” in K, + 2n decays, and
llsoLgy the electric dipole moment of the meutron (Dn) to be less than ~10-% [4].
These constraints are, of course, less reliable than the constraints (3.8) fronm
the direct measurement.

(B) Models with grbitrary V, and .V . In this case muon decay does not provide a
constraint on‘i;;’. The p=-parameter yields

In{€)1 < 0.047  (90% confidence), (4e11)

which is the best 1l .mit ¢n Ingiz from leptonic and semileptonic data. Combining
(4.11) with the bound |ni’ - n¢)| ¢ 0.085 from data on Gamow-Teller R-decays

RR RL
(3.1) ylelds

Ik < 0.12 (4.12)

i.e., the same limit as from Xy and X, (3.5). The 1limits (4.11) and (4.12) iwply
L ]

IRen{Ednl®)*| < 6 x 1073 . (4.13)

We note that here a bound on n{®) does not imply a bound on I“LR" The best limit
on l“LR' in this case from leptonic and semileptonic processes is |n R' < 0.l
provided by data on inclusive neutrino and antineutrino scattering 119].

Since Fe < 1 (see Ref, 10), for wodels with Ilnife’t or pseudomanifest left-
right symmetry the limits (4.6) and (4.7) hold for |n3t’| apd Inyrl]+ 1mplying the
bound (4.8), as for models of class (A). 1In models where 6. and are unrelated
only the limit (A.92 Sr?m Eonloptonic K-decays and the D-coefficient holde. The
{mplication for R'“R; "RI) is

|Ren{®)ni®)*| < 4 x 1072 (4.14)

provided that Tgmf/gtn <1 (stnce |"§§)n§{)*| = |epr/Venir?Vel < |:R§||nL .
The limits on mny R rom ¢” and Dn are, of course, the same as in class (A).

(C) Models with ¥ = 1, and arbitrary V_. Tiis scenario would arise if all the
neutrinos could be produced in u-ﬂ.g.y‘ﬁﬁt not in A-decay., The conclusions
regarding the limite on the beta-decay parameters from other sources are the same

g: :s.,}lll (A), except for that, as in class (B) l“LR' is not bounded by a 1limit
L [

5
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5. Conclusions

Excluding from consideration mixed transitions and not counting the parameter
involved only in the decay rates, fR-decay measurements are sensitive to three
co?bSnatio? of parnmet?rs ?g §U(2)L x SU(Z)R x U(1) mod2ls: the constants
| nkk e)|, and Rengg

In SU?E) x SU(2), x U?}) nmodels wvhere V = ] the available muon-decay data
set more ltringent limfts on the R-decay parameters than the existing R-decay
measuremeni s Ig particular, the upper limit from mugn %%cay data on the para-
meter |Ren e (e | (which is measured by the ratio Pe/P of beta-ray polari-
zations) 1is snakler by an order of mag? u?e ;han the limit from the existing
direct measuremeunt, The limit on |Ren e | derived from data involving
nonleptonic processes is better than tﬁe lfmit from y-decay data by an order of
magnitude.

In SU(2), x SU(2)p x U(1) models where V 1s arbitrary |n(§)| is nog
constrained 1f beta decay data are not included. The best 1imiF on |Renge e)p(e)*
from leptonic and semileptonic processes (obtained by combining the informat¥on
from the p-parameter and Gamow-Teller R-decay data), as well as the limit from
data involving nonleptonic processes are only slightly better than the present
limit from a direct measurigent

In all models where 01 84 the constraints on the R-decay parameters derived
from nonleptonic procesaes are much more stringent than those implied by other
data.

( ?e?rshes for a nonzero D-coefficient provide constraints on Imn R and
1mn ; e/ . The best 1imits on these from leptonic and semileptonic processes
ccme from the direct measurement., The constraints derived from nonleptonic
processes are more stringent by an order of magnitude, but less reliable.

I would like to thank Professors J. Deutsch, A. Rich, and M. Skalsey for
informative conversations, This work was performed under the auspices of the
U.S. Department of Energy.
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